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Abstract: Corynebacterium pseudotuberculosis is the causative agent of caseous lymphadenitis (CLA) in small
ruminants. This study was designed to evaluate the efficacy of 0.5% and 1% formalin killed prototype vaccine of C.
pseudotuberculosis in bucks and does. A total of 24 healthy bucks and does were equally divided into four groups of 6
animals. Groups A and B were vaccinated with 0.5% and 1% formalin killed prototype vaccine and groups C and D were
kept as positive (+) and negative (-) control groups, inoculated with plain vaccine adjuvant. After booster vaccination at
the 6" week, groups A, B and C were experimentally inoculated with 2mL of 10° cfu of live C. pseudotuberculosis
subcutaneously. On the 12" week, all animals were euthanized and samples of reproductive organs and pituitary glands
of both bucks and does were collected. Bacterial isolation and identification was done on the basis of morphological
characteristics and PCR detection. Based on the bacterial culture results, 3 samples each were Positive for C.
pseudotuberculosis colonies from bucks in groups A and B, while 4 samples were positive from does in group A and
only 1 from does in group B. All bucks and does from groups A and B showed negative PCR amplifications in all
samples. This study showed that 1% formalin killed prototype vaccine of C. pseudotuberculosis is effective in preventing
the spread of the bacteria to the reproductive organs and pituitary glands of both bucks and does. Thus, it will be a
suitable preventive measure against CLA in small ruminants.
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INTRODUCTION

Caseous lymphadenitis is a chronic disease of
small ~ ruminants  worldwide caused by C.
pseudotuberculosis [1, 2]. C. pseudotubrculosis is an
intracellular, non-spore forming, gram positive, and
facultative and small curved rod bacterium. It comprises
of mycolic acid, which is related to the development of
abscesses in various mammals [3-5]. It is a chronic
disease of ovine and caprine husbandries, characterized
by formation of abscesses in the superficial and internal
lymph nodes [6, 7].The transmission of this disease
occurs through release of large number of bacteria from
ruptured abscess, which spreads over the skin and
fleece of infected animals and also the environment.
Other animals may be exposed either via direct
physical contact with the infected animal or indirectly

through contaminated fomites [8]. Once the disease has
been established in a herd, it becomes puzzling for
veterinarians to eradicate due to its ineffectiveness to
antibiotic treatments [7, 9, 10]. Vaccination to livestock
herds is the most reliable strategy for controlling and
eradicating this disease [11, 12]. However, the
limitations of this procedure hinders on the accuracy of
appropriate diagnostic procedures [5, 7, 13]. Several
serological tests for CLA diagnosis have been
proposed; including a synergistic haemolysis inhibition
test [14], complement-fixation test [15] micro-
agglutination assay [16] and C. pseudotuberculosis
phospholipase D (PLD) antigen-based ELISA [17].
Such type of tests may have great value in detecting
animals sub-clinically infected with CLA. The
limitations of these tests are low sensitivity, specificity
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and an inability to differentiate between the previously
infected herd and those that still harbour the pathogen.
Thus, this raises the question on the relevance of these
techniques and if they can be used in culling programs
to eliminate infected and suspected animals [7, 18].
Culture identification of C. pseudotuberculosis is more
often than not proficient through biochemical tests but
repeatedly  challenging due to the general
unpredictability of the bacteria in biochemical
appearances[18, 19]. Recently, 16S rRNA gene has
been utilized in PCR detection for the identification of
C. pseudotuberculosis from cultured isolates [18].
While PCR was very sensitive in assessing the
prevalence of CLA in infected animals, it had some
limitations: (a) it was reliant on bacterial culture (b) it
was incapable in differentiating C. pseudotuberculosis
from C. ulcerans [18]. Therefore, the aim of this present
study was to determine the efficacy of a formalin killed
prototype whole cell vaccine of C. pseudotuberculosis
against spread of the bacteria in the reproductive organs
and pituitary glands of goats.

MATERIALS AND METHODS
Ethical Statement

The experimental procedures was approved by
the Institutional Animal Care and Use Committee
(IACUC), V (Ref No: UPM/IACUC/AUP-R060/2014),
Universiti Putra Malaysia as required in Malaysia by
the Animal Welfare Act (2014). All animals were
humanely handled and euthanized using stipulated
guidelines.

Experimental design and management

Twenty four healthy male and female goats
were divided into four groups; A, B, C and D,
comprising of 3 bucks and 3 does each. The goats were
acclimatized for two weeks prior to the commencement
of the experiment and were feed with locally prepared
goat pallet (250g/animal/day). In addition, the goats
were also fed Napier grass twice daily, while water was
provided ad libitum.

Preparation of prototype vaccine of
Corynebacterium peudotuberculosis

An identified colony of C. pseudotuberculosis
was inoculated into flask containing 250 mL of brain
heart infusion broth with 1.0% Tween-80 and incubated
in a plate shaker plate for 18-24 hours at 37°C. The
inoculum was then centrifuged (6000 rpm for 15
minutes, at 4°C) and the supernatant were discarded.
The bacterial sediment was washed thrice with 50% and
100% acetone, and 100% diethyl ether. Thereafter, the
bacterial sediment was left to air-dry and then divided
into two equal parts which were suspended in 0.5% and
1.0% formalin solution mixed with 4% Tween 80 (V/v).
The suspensions were kept overnight at room
temperature until further use [11].

Vaccine inoculation and challenging
At the 1% week of the experiment, groups A
and B were inoculated with 2mL of 0.5% and 1%

formalin  killed whole cell vaccine of C.
pseudotuberculosis intramuscularly at the hind limbs
with fraction doses according to Sigma Adjuvant
System®. Similarly, group C and D were injected with
2mL of plain adjuvant and kept as positive and negative
control groups. Booster dose of the vaccine and
adjuvant was injected at the 3" week of the experiment.

Preparation of inoculum for Corynebacterium
pseudotuberculosis

C. pseudotuberculosis colony isolated from
previously cultured case of an outbreak of clinical CLA
among goats at Universiti Putra Malaysia was used for
preparation of the inoculum in this study. The isolated
pathogen was sub-cultured on blood agar at 37°C for
24-48 hours. The challenge doses with a concentration
of 1x10%fu/ml were prepared and determined using the
McFarland Standard technique. Groups A, B, and C
were challenged with 2mL of live C.
pseudotuberculosis subcutaneously, while group D
served as the negative control and was not inoculated.

Samples collection and Culture

Twelve weeks post inoculation with C.
pseudotuberculosis, all goats were euthanized for
sample collection. Samples of the reproductive organs
from male (testes, epididymis, spermatic cord, penis
and pituitary glands) and females (ovary, fallopian tube,
uterus, vagina, vulva and pituitary gland) animals were
collected. Swab samples were taken from all samples
and cultured onto labelled petri dishes containing blood
agar and incubated at 37°C for 24 to 48 hours
.Suspected culture of C. pseudotuberculosis having
similar colony characteristic like small, white, dry and
crumbly colonies were sub-cultured again onto a new
blood agar. One colony culture from each organ was
subjected to bacterial identification using PCR.

Primer Design and PCR Amplification

Previously published primer sets were used for
the amplification of C. pseudotuberculosis [18]. The
primer for forward was
5’CCGCACTTTAGTGTGTGTG’3 and for reverse
primer 5S’TCTCTACGCCGATCTTGTAT’3 were used.
The primers targeted the specific regions of C.
pseudotuberculosis and length of the PCR product was
815 base pairs. DNA extraction was done using
DNAzol as previously described. The PCR was
performed in a touchdown thermocycler (SensoQuest,
Biomedical Electronic, Germany) in a total reaction
volume of 50uL. The amplification was obtained with
30 cycles following an initial denaturation step at 94°C
for 5 min. Each cycle involved denaturation at 94°C for
1 min, annealing at 56°C for 1 min, and synthesis at
72°C for 2 min. The PCR product was loaded onto a 1%
agarose gel and ran at 100 V for 45 min. Positive bands
were observed using a UV transluminator.
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RESULTS
Identification of Suspected Bacterial cultures with
Corynebacterium pseudotuberculosis
Male reproductive organs and pituitary gland
A total of 144 samples were collected from
different reproductive organs of all experimental
groups. However, only 4 samples from group A were
positive for bacterial culture; right head of epididymis
(1/3), Left testis (1/3), left head of epididymis (1/3) and

pituitary gland (1/3). . Similarly, 3 bacterial cultures
from group B indicated the same colony morphological
characteristics of C. pseudotuberculosis; right head of
epididymis (1/3), left testis (1/3) and tail of epididymis
(1/3). From group C, the least number of positive
culture identification was seen in the left tail of the
epididymis where only one animal had a positive
growth. (Table 1).

Table-1: Culture results from reproductive organs and pituitary gland of bucks vaccinated with prototype vaccine
of Corynebacterium pseudotuberculosis

Organ/Tissue

Treatment groups

A

B

A2

A2

A3 Al

>
w

Right testis - - - -

Right head of epididymis - - - -

+ |+

Right body of epididymis | - + - -

Right tail of epididymis - - - -

Right spermatic cord - -

Left testis - - + +

Left head of epididymis

Left body of epididymis - - - -

1
|+ |+ |+

Left tail of epididymis - - - -

Left Spermatic cord - - - -

|+ |+ |+ ||+ ]+ ]+ ]+

Penis - - - -

+ [+
+ |
1

1

1

1

Pituitary gland - - + -

- + + + - - -

Treatment groups: A: vaccinated with 0.5% formalin killed vaccine; B: vaccinated with 1.0% formalin killed vaccine; C:

control (+); D: control (-)

A: Animal numbers, - : negative culture samples of C. pseudotuberculosis, +: positive culture samples of C.

pseudotuberculosis

Female reproductive organs and pituitary gland

156 samples were collected from the does and
cultured on 10% blood agar. Culture samples were
thoroughly checked after 24 and 48 hours of incubation.
Group A had four positive samples from right ovary

(1/3), right horn (2/3) and left mammary gland (1/3).
However, only one sample from the cervix showed
positive culture in group B. (Table 2). All cultured
samples of group C were positive, with the vulva
having the least (1/3) number of positive culture.

Table-2: Culture results from reproductive organs and pituitary gland of does vaccinated with prototype vaccine
of Corynebacterium pseudotuberculosis

Organ/Tissue Treatment groups
A B C D
Al | A2 | A3 | Al A2 A3 Al A2 A3 Al A2 A3
Right ovary + - - - - - n ¥ ¥ - N -
Right fallopian tube - - - - - - + ¥ ¥ - - -
Right horn + - + - - - + - I _ - -
Left ovary - - - - - - n ¥ i - ; .
Left fallopian tube - - - - - - + ¥ N - - ;
Left horn - - - - - R + + + N N N
Uterus - - - - - ¥ n n . . .
Cervix - - - - + - - I n ; - .
Vagina - - - - - - + + + - - -
Vulva - - - - - - - - + - - -
Left mammary gland - + - - - - + n ¥ - - N
Right mammary gland - - - - - - - + - - - -
Pituitary gland - - - - - - + + R - ; -

Treatment groups: A: vaccinated with 0.5% formalin killed vaccine; B: vaccinated with 1.0% formalin killed vaccine; C:
control (+); D: control (-), A: Animal numbers, - : negative culture samples of C. pseudotuberculosis, + : positive culture

samples of C. pseudotuberculosis
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Identification  of

Male reproductive organs and pituitary gland
Based on the PCR amplification, both groups
A and B were negative for C. pseudotuberculosis from

suspected

cultures
Corynebacterium pseudotuberculosis applying PCR

with

all organs/tissues examined. However, group C showed
positive amplification in all tissues except the left
epididymal tail (Table 3; Figure 1).

Table-3: Molecular detection of Coryebacterium pseudotuberculosis in the reproductive organ and pituitary gland

of bucks vaccinated with prototype vaccine of Corynebacterium pseudotuberculosis

Organ/Tissue

Treatment groups

A B C D
Al | A2 | A3 | Al | A2 A3 Al A2 A3 Al A2 A3
Right testis - - - - - - T + T - ; ;
Right head of epididymis - - - - - - + + + B _ ;
Right body of epididymis | - - - - - - - - T - _ -
Right tail of epididymis - - - - - - + + + B B ;
Right spermatic cord - - - - - - + - + - B ;
Left testis - - - - - - T + T - , ;
Left head of epididymis - - - - - - + T T - ; ,
Left body of epididymis - - - - - - - - + - _ ;
Left tail of epididymis - - - - - - - - _ - N N
Left Spermatic cord - - - - - - + - + - - ;
Penis - - - - - - T + _ - ; ,
Pituitary gland - - - - - - T + + - ; ,

Treatment groups: A: vaccinated with 0.5% formalin killed vaccine; B: vaccinated with 1.0% formalin killed vaccine; C:
control (+); D: control (-), A: Animal numbers, - : not detected samples for C. pseudotuberculosis, +: detected samples

for C. pseudotuberculosis

Female reproductive organs and pituitary gland

Based on the PCR amplification results, tissues
from all does in groups A and B were negative for C.
pseudotuberculosis. However, positive amplifications

were observed in all tissues of goats in group C, with
the least number of positive amplification in the vulva

(1/3) (Table 4; Figure 2).

Table-4: Molecular detection of Corynebacterium pseudotuberculosis in the reproductive organ and pituitary gland

of does vaccinated with prototype vaccine of Corynebacterium pseudotuberculosis

Doe’s reproductive organs

Treatment groups

A

B

C

A2

A2

A3

Al

A2

A3

Right ovary

+

Right fallopian tube

+ |+

Right horn

Left ovary

+ |+

Left fallopian tube

Left horn

Uterus

|+ |+ |+ |+ |+

Cervix

Vagina

|+ |+ |+ ]+

|+ |+

Vulva

Left mammary gland

+ |+ |+

+

Right mammary gland

+ |+

Pituitary gland

+

+

Treatment groups: A: vaccinated with 0.5% formalin killed vaccine; B: vaccinated with 1.0% formalin killed vaccine; C:
control (+); D: control (-), A: Animal numbers, - : not detected samples for C. pseudotuberculosis, +: detected samples

for C. pseudotuberculosis
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Fig-1: Agrose gel electrophoresis showing amplification of 815 bp bands specific for Corynebacterium
pseudotuberculosis 16S RNA from reproductive organs and pituitary gland of bucks in in group C (+ve).
M: Molecular marker; Lanes +ve: positive control; Lane -ve: negative control; Lanes 1-4: culture negative, PCR negative
samples; Lanes 5-13: culture positive, PCR positive samples; Lane 14-18: culture negative, PCR negative samples.
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Fig-2: Agrose gel electrophoresis showing amplification of 815 bp bands specific for Corynebacterium
pseudotuberculosis 16S RNA from reproductive organs and pituitary gland of does in group C (+ve).
M: Molecular marker; Lane +ve: positive control; Lane —ve: negative control; Lanes 1-4: culture negative, PCR negative
samples; Lanes 5-13: culture positive, PCR positive samples; Lane 14-18: culture negative, PCR negative samples

DISCUSSION

Currently, no information is available
regarding identification of C. pseudotuberculosis in
reproductive organs and pituitary gland of goats
following vaccination with prototype formalin killed
vaccine of C. pseudotuberculosis. However, a few
studies have reported the presence of C.
pseudotuberculosis in the reproductive organs and
inguinal lymph nodes of does following experimental
challenge with C. pseudotuberculosis [20, 21].The
results of the presented study suggested that C.
pseudotuberculosis was present in almost all parts of
the male and female reproductive organs and pituitary
gland after 90 days of inoculation. These findings

hypothesize that C. pesudotuberculosis has the ability to
disseminate all over the body, especially the
reproductive organs and pituitary. This is in agreement
with Dorella, et al. [22], who stated that the C.
pesudotuberculosis circulates freely in the lymphatic
system throughout the body. Similarly, Abdullah, et al.
[23], observed that the pathogenic organism can be
identified from the inguinal lymph nodes and
reproductive organs of female goats after 60 to 90 days
of inoculation.. Latif et al. [20], Reported that the
presence of C. pseudotuberculosis in all reproductive
organs as well as associated lymph nodes in does
indicated that the causative agent of CLA may
predispose to infertility in goats. C. pseudotuberculosis
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was observed to reach the inguinal lymph nodes after
30 day of inoculation and was identified from all
reproduction organs after 60 and 90 days of
inoculation, which was associated with infertility and
non-rhythmic  secretion of female reproductive
hormones [24, 25]. In contrast, a study conducted by
Valli and Perry (1993) reported that reproductive
organs were the least often affected organs during CLA
infection [26]. Furthermore, Othman et al. indicated that
C. pseudotuberculosis caused hormonal imbalances in
does after 30 days of inoculation, where the hormonal
concentrations were similar with pseudo-pregnancy like
observations [27].

This is the first of C. pseudotuberculosis
identification from the pituitary gland of experimentally
infected unvaccinated goats. This finding helps in
hypothesize that C. pseudotuberculosis has the ability to
spread all over the body, including the brain and
associated pituitary gland through the circulatory
system. This was confirmed in the ram, where C.
pseudotuberculosis was isolated by Sligo from pituitary
abscesses infected with caseous lymphadenitis [28].
Similarly, the change in pathological lesions induced by
CLA in does was reported in the reproductive system.
This together with the hormonal changes can predispose
to abortion or stillbirth [29, 30]. Caseous lymphadenitis
gives poor response against treatment which is
expensive. Thus, immunization against the disease is
the best strategy for control and prevention [12]. In this
study, both bucks and does vaccinated with the
prototype vaccine showed remarkable protection
against C. pseudotuberculosis. Based on the bacterial
culture results, 1% formalin killed prototype vaccine
was more effective than 0.5% in both bucks and does.
However, animals inoculated with both vaccine
concentrations showed negative PCR amplification in
all tissues. . This proves that the prototype vaccine of C.
pseudotuberculosis has the ability to neutralize the
bacteria and prevent its spread in the body. These
findings support the hypothesis that the prototype
vaccine prepared against CLA gives protection against
transmission of the pathogen to reproductive organs and
the pituitary gland. This is in contrast to the
commercial—vaccine which only provides partial
protection with the possibility of development of
external and internal abscesses [7].

CONCLUSION

The causative agent of CLA can reach the
reproductive organs and pituitary gland through the
lymphatic channels in infected goats. The developed
prototype vaccine from this study was able to prevent
the spread of the bacteria to the reproductive organs,
thus maintaining the reproductive status of the animal.
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